Importantly, in the context of biofilm persistence in vivo, pyocyanin induces the deposition 92 of extracellular DNA (eDNA) which is a major component of biofilm EPS, being essential for biofilm formation and stability (20) . Production of both pyocyanin and eDNA is mediated by 94 AHL and PQS molecules, as well as by flagella and type IV pili (21, 22) .
95
The regulation of QS in P. aeruginosa is sensitive to, and modulated by, growth and 96 environmental conditions, which impact significantly on the timing of lasI, lasR, rhlI and rhlR 97 expression (9, 23). The complexity of this QS system in P. aeruginosa is thought to be one of 98 the main factors responsible for its selective adaption and environmental versatility (24).
99
The QS system also affords selective "fitness" advantages in human disease. For example, all time-points ≥2 % OligoG (Fig 4A) , the exception being 18 h at 2% which was not 151 significant. A similar significant reduction was seen for 3-oxo-C12-AHL ( 
155
OligoG CF-5/20 reduces extracellular virulence factor production in P. aeruginosa 156 PAO1. As the biosensor analysis showed that OligoG CF-5/20 affected bacterial signalling, OligoG CF-5/20 reduces expression of quorum sensing genes. Phenotypic studies were 165 confirmed by genotypic analysis using qPCR. Temporal expression of QS genes following 166 OligoG CF-5/20 treatment was observed (Fig 6) . Significant reductions in expression of lasI, 167 rhlI and rhlR at 12 h (Fig 6A) , lasI, lasR and rhlR at 18 h (Fig 6B) and rhlR at 24 h (Fig 6B and C   168 respectively; p<0.05) were evident, which for lasI, rhlI and rhlR at 12 h and lasR at 18 h, 169 were significant for all three concentrations of OligoG tested. No significant effect of OligoG 170 CF-5/20 on AHL expression was detected by qPCR at the 30 h time point ( Fig 6D) .
171
CLSM shows that OligoG CF-5/20 reduces production of eDNA and behaves similarly 172 to QS inhibitors against biofilms of P. aeruginosa PAO1. CLSM imaging of TOTO-1 nucleic 173 acid-stained 24 h biofilms demonstrated that OligoG CF-5/20 (≥ 0.5% ) induced a significant 174 decrease in eDNA production after treatment (P>0.05) (Fig 7 and 8) . This was evident in 175 biofilms grown in the presence of OligoG (biofilm formation studies) and for 24 h biofilms 176 subsequently treated with OligoG for 24 h (biofilm disruption studies). Although the CLSM 177 imaging did not appear to show a dose-dependent decrease in eDNA production (Fig 7) . A 178 dose-dependent decrease was, however, evident at ≥2% OligoG in direct analysis of treated 179 biofilm samples (Fig 8) . Circular dichroism showed that OligoG CF-5/20 does not interact directly with AHLs.
186
Circular dichroism (CD) spectroscopy rapidly determines protein and polypeptide secondary 187 structure, and has previously been shown to give excellent comparability to 1 H NMR spectroscopy in determining alginate M/G residue ratios (31). CD was used here to confirm 189 that the effects of OligoG CF-5/20 were not due to simple physical interaction with the AHL 190 molecules. The CD signal of OligoG CF-5/20 titrated with C4-AHL or 3-oxo-C12-AHL showed 
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The LC/MS data demonstrated the complex, time-dependent nature of virulence factor 213 production by P. aeruginosa with optimal (maximum) production of both AHLs (C4-AHL and 214 3-oxo-C12-AHL) at 12 h (equivalent to late exponential/early stationary growth phase).
215
These findings are in keeping with previous studies, which showed that whilst AHL 216 production peaks during exponential growth, C4-AHL levels decrease as stationary phase is Swarming is a complex form of motility, and is consequently influenced by a large 237 number of different genes. Rhamnolipids are known to modulate the intricate swarming 238 motility patterns of P. aeruginosa (36). Therefore, it was perhaps unsurprising that, as 239 OligoG CF-5/20 was previously shown to affect swarming motility of Proteus and P.
240 aeruginosa (4, 7 respectively), that rhamnolipid production should also be affected by 241
OligoG CF-5/20. Importantly, QS regulation of rhamnolipids and swarming motility 242 contribute to P. aeruginosa biofilm dispersal, and therefore help to explain the dramatic 243 effect of OligoG CF-5/20 on both biofilm formation and disruption of established biofilms 244 previously described (4, 7). In support of this notion, a range of mini-Tn5 insertion,
245
"swarming-negative" P. aeruginosa mutants exhibited impaired biofilm formation (37), 246 confirming the link between both phenotypes. The finding here, of more significant 247 inhibition of pyocyanin and rhamnolipid production by OligoG CF-5/20 (when compared to 248 the effects on elastase and total protease production) may relate to differential expression 249 of the different QS pathways. The three most characterised QS signalling systems in P.
250
aeruginosa are believed to be sequentially activated in "nutrient-rich" media, with LasR 251 sitting at the top of the temporal cascade, and AHLs (las and rhl) being released in early-and 252 PQS in late-exponential phases of growth (38) .
253
Las and Rhl control both biofilm formation and expression of virulence factors in P.
254
aeruginosa (11). The LasR-3-oxo-C12-AHL complex activates transcription of target genes 255 including those encoding virulence factors such as elastase, proteases, and exotoxin. In 256 contrast, RhlR-C4-AHL activates target genes, including those encoding elastase, proteases, 257 pyocyanin, and siderophores (39). There appears to be a considerable overlap in the 258 virulence factors these regulons control (9). The finding that the inhibition of 259 pyocyanin/rhamnolipid production was more evident throughout the time-course of the experiment than that of protease and elastase, may be a reflection of OligoG differentially 261 affecting the Rhl QS system, to a greater extent than the Las system.
262
The intrinsically high levels of antimicrobial resistance typically seen in P. aeruginosa OligoG CF-/20 treatment. This also proposes a mechanistic rationale for the previously- 
